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In this dissertation, we mainly explores two types of functional materials. One is 
focused on photoluminescence materials and solar cell materials based on 
metallacycles. The other one is concentrated on the preparation of novel 
nanostructures and functional nanocomposites. 
Iridium(III) complexes have been attracting increasing research interest because of 
their significant luminescent features, such as efficient triplet-state phosphorescence
 
and tunable emission covering the entire visible to near-infrared (NIR) region. In this 
paper, we developed an unconventional yet general strategy to synthesize stable 
iridapolycycles which can be modified via facile ligand substitution to give novel 
heteroleptic phosphorescent Ir(III) complexes with enhanced emissions. 
Metalla-aromatics are aromatic, such as metallabenzene, metallabenzyne, 
metallapyridine, and metallafuran and so on. Recently, our group synthesized the first 
aromatic metallapentalynes and metallapentalenes. In this paper, we explored the 
application of our metalla-aromatics such as metallabezene and metallapentalene 
derivatives for use in solar cells. 
In recent years, template-assisted preparation of nanostructures has attracted great 
attention, the method based on the template space confinement effect to achieve the 
control of the size, morphology, and structures. This paper presents a 
template-assisted strategy, which is simple, high reproducibility, good predictability, 
rich diversity and controllable size, shape, structure and many other advantages, and 
provides a new approach for the development of new properties of nanomaterials. 
This dissertation was divided into the following six chapters: 
In chapter 1, Classification, synthesis and application of cyclometalated Ir(III) 
complexes are briefly reviewed. Then, dye-sensitized solar cells and organic solar 
cells are also summarized concisely. In addition, synthesis of nanoparticles including 
necklace-like nanostructures via template-assisted method are introduced. The 
research objectives and plan of this dissertation are presented. 
















stable iridapolycycles with high ligand substitution reactivities. Reaction of 
arylacetylenes with iridium-hydride complex [IrH(CO)Cl(PPh3)3]BF4 eventually 
results in the formation of a series of iridacyclopentadiene derivatives including 
iridaindene, naphtho-iridacyclopentadiene, pyreno-iridacyclopentadiene, and 
thieno-iridacyclopentadiene. The iridaindene was used as a metallosynthon to react 
with bipyridyl derivatives to give C^C and N^N heteroleptic luminescent Ir(III) 
complexes which display intense photoluminescence with large Stokes shifts and 
relatively long lifetimes (hundreds of nanoseconds). Density function theory 
calculation reveals that the luminescence properties can be facilely modulated by the 
C^C or N^N ligand. 
 
In chapter 3, metalla-aromatics such as metallabezene and metallapentalene 
derivatives are for use in solar cells. First, metalla-aromatics act as photosensitizers 
for use in dye-sensitized solar cell. Second, metalla-aromatics are dopped in 


















In chapter 4, we report an unconventional yet general strategy to craft a variety of 
1D nanonecklace-like nanostructures comprising uniform functional nanodisks 
periodically assembled along a stretched flexible polymer chain by capitalizing on 
judiciously designed amphiphilic worm-like diblock copolymer as nanoreactors. 
These nanostructures can be regarded as organic-inorganic shish-kebabs, in which 
nanodisk kebabs periodically situated on a stretched polymer shish. Simulations based 
on self-consistent field theory reveal that the formation of organic-inorganic 
shish-kebabs is guided by the self-assembled elongated star-like diblock copolymer 
constituents constrained on the highly stretched polymer chain. 
 
In chapter 5, a rod-coil and star-like diblock copolymer poly(acrylic 
acid)-block-poly(3,4-ethylenedioxythiophene) (PAA-b-PEDOT) as unimolecular 
micelle, composed of a hydrophilic coil-like PAA cores and densely grafted rod-like 
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